A L ist of th e P resents received was laid on the table, and thanks ordered for them .
.
In pursuance of notice sent to th e Fellows, an election was held to fill th e vacancy upon th e Council occasioned by the retirem ent of P rofessor A. H . Green.
T he S ta tu te s re la tin g to th e election of th e Council and the S ta tu te re la tin g to th e election o f a M em ber of C ouncil upon th e occurrence of a vacancy w ere read, an d D r. A rm strong and Mr. R . H. Scott having been, w ith th e consent of th e Society, nom inated S crutators, the votes of th e Fellow s p resen t were ta k e n an d th e Rev. Thom as George B onney was declared duly elected.
The following P ap ers were r e a d :-I. " On the Temperature Variation of the Thermal Conduc tivity of Rocks." By L o r d K e l v i n , P.R.S., and J. R. E r s k in e M u r r a y , B.Sc., 1851 Exhibition Scholar. Re ceived May 24, 1895. § 1. The experim ents described in th is com m unication were under ta k e n for th e purpose of finding tem perature variation of therm al conductivity of some of th e m ore im p o rtan t rocks of the ea rth 's crust.
§ 2. The m ethod w hich we adopted was to m easure, by aid of therm oelectric junctions, th e tem peratures a t different points of a flux line in a solid, k ep t unequally heated by sources (positive and nega tive) applied to its surface, and m aintained uniform for a sufficiently long tim e to canse th e tem perature to be as nearly constant a t every point as we could arran g e for. The shape of th e solid and th e therm al sources were arranged to cause th e flux lines to be, as nearly as possible, parallel stra ig h t lin es; so th a t, according to F ourier's elem entary th eo ry and definition of therm al conductivity, we should have
w here T, M, B denote three points in a stream line (respectively next to th e top, a t th e m iddle, and next to the bottom in the slabs and columns which we used) ; v(T), v(M ), (B ) denote the steady ternperatures a t these p o in ts; and ft(T, M ), ft(M, B ), th e m ean conduc tivities between T and M, and between M and B respectively. § 3 The rock experim ented on in each case consisted of two equal and sim ilar rectangular pieces, pressed w ith sim ilar faces together. In one of these faces three stra ig h t parallel grooves are cut, ju st deep enough to allow th e therm oelectric wires and junctions to be embedded in them , and no wider than to adm it th e w ires and junctions (see diagram , § 8 below). Thus, w hen th e two pieces of rock are pressed together, and when heat is so applied th a t th e flux lines are parallel to the faces of th e two parts, we h ad the sam e result, so far as therm al conduction is concerned, as if we had tak en a single slab of th e same size as th e two together, w ith long fine perforations to receive the electric junctions. The com pound slab was placed w ith the perforations horizontal, and th e ir plane vertical. Its low er side, when thus placed, was im mersed under a bath of tin , k e p t m elted by a lamp below it. Its u p p er side was flooded over w ith m ercury in our later experim ents ( § § 6, 7, 8) , as in H opkins' experim ents on the therm al conductivity of rock. H eat was carried off from the m ercury by a m easured quantity of cold w ater poured upon it once a m inute, allowed to rem ain till the end of a m inute, an d th en d raw n off' and im m ediately replaced by another equal q u an tity of cold water. The chief difficulty in respect to steadiness of tem perature was th e keeping of the gas lamp below the b ath of m elted tin uniform . I f more experim ents are to be made on th e sam e plan, w hether for rocks or metals, or o th er solids, i t will, no doubt, be advisable to use an autom atically regulated gas flame, keeping th e tem perature of th e hot b ath in which the lower face of the slab or colum n is im m ersed at as nearly constant a tem perature as possible, and to arrange for a perfectly steady flow of cold w ater to carry away heat from the upper surface of th e m ercury resting on the u pper side of th e slab or column. I t will also be advisable to avoid th e complication of having the slab or column in two parts, when the m aterial and the dimensions of the solid allow fine perforations to be bored through it, instead of th e grooves which we found more readily m ade w ith th e appliances available to us. § 4. O ur first experim ents were made on a slate slab, 25 cm. square and 5 cm. thick, in two halves, pressed together, each 25 cm. by 12'5, and 5 cm. thick. One of these parts cracked w ith a loud noise in an early experiment, w ith the lower face of th e composite square resting on an iron plate heated by a powerful gas burner, and the upper face k ep t cool by ice in a metal vessel resting upon it. The experiment indicated, very decidedly, less conductivity in tbe ho tter p art below the middle than in the cooler p a rt above the m iddle of the composite square slab. W e supposed this m ight possibly be due to the crack, which we found to be horizontal and below the middle,
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Variation o f Thermal Conductivity o f Rocks. 163 an d to be com plete across th e whole area of 12^ cm. by 5, across w hich th e h e a t w as conducted in th a t p a r t of th e com posite slab ; and to give rise to palp ab ly im perfect fittin g to g e th e r of th e solid above and below it. W e th ere fo re re p eated th e ex p erim en t w ith th e com p o site slab tu rn e d upside down, so as to b rin g th e crack in one half of i t now to be above th e m iddle, in stead of below th e m iddle, as a t ■first. W e still found fo r th e com posite slab less conductivity in tb e h o t p a rt below th e m id dle th a n in th e cool p a rt above th e m iddle. W e in ferred th at, in re sp e c t to th erm a l conduction th ro u g h slate across th e n a tu ra l cleavage planes, th e th erm a l co nductivity dim in ish es w ith increase of tem p eratu re. § 5. W e n e x t trie d a com posite square slab of sandstone of th e sam e dim ensions as th e slate, a n d we fo u n d fo r i t also decisive proof of d im in u tio n of th erm a l co n d u c tiv ity w ith increase of tem p eratu re. W e w ere n o t tro u b le d by an y crack in g of th e sandstone, w ith its u p p e r side k e p t cool by an ice-cold m etal p la te re stin g on it, an d its low er side h eated to p ro bably as m uch as 300° o r 400° C.
§ 6. A fte r t h a t we m ade a com posite piece, of tw o sm all slate colum ns, each 3 '5 cm. sq u are a n d 6'2 cm . h ig h , w ith n a tu ra l cleavage planes v ertical, p ressed to g e th e r w ith th erm o e le ctric ju n ctio n s as b e f o re ; b u t w ith ap p liances ( § 1 0 below ) fo r p re v en tin g loss or g a in of h e a t across th e v ertical sides, w hich th e sm aller horizontal dim ensions (7 cm ., 3'5 cm .) m ig h t req u ire, b u t w hich w ere m anifestly unnecessary w ith th e la rg e r ho rizo n tal dim ensions (25 cm., 25 cm .) of th e slabs o f slate an d sandstone used in o u r fo rm e r experim ents. T he th e rm a l flux lines in th e fo rm er experim ents on slate were p e r p en d icu lar to th e n a tu ra l cleavage planes, b u t now, w ith th e th erm a l flux lines p arallel to th e cleavage planes, w e still find th e sam e resu lt, sm aller th e rm a l co n d u ctiv ity a t th e h ig h e r tem p e ra tu re s. N um erical re su lts w ill be s ta te d in § 12 below. § 7. O u r last ex perim ents w ere m ade on a com posite piece of A berd een g ra n ite , m ade u p of tw o colum ns, each 6 cm. h ig h and 7'6 cm. square, pressed to g eth er, w ith appliances sim ilar to those described in § 6 ; and, as in all o u r previous experim ents on slate an d sandstone, we fo u nd less th e rm a l co n d u ctiv ity a t h ig h er te m p eratu res. T h e n u m erical re su lts w ill be given in § 12 below. § 8. T he accom panying diagram rep resen ts the th erm a l appliances and th erm o electric arran g e m e n t of § § 6, 7. The colum ns of slate or g ra n ite w ere placed on su p p o rts in a b a th of m elted tin w ith about 0 2 cm. of th e ir low er ends im m ersed. T he top of each colum n was k e p t cool by m ercu ry , an d w a te r changed once a m inute, as described in § 3 above, contained in a ta n k h av in g th e top of th e stone colum n fo r its bottom a n d com pleted by fo u r v ertical m etal walls fitted into grooves in th e stone an d m ade tig h t ag ain st w et m ercury by m arine glue. T, th e hot, in te r mediate, and cool points in the stone, were determ ined by equalising to them successively th e tem perature of the m ercury therm om eter placed in the oil-tank, by aid of therm oelectric circuits and a galva nometer used to test equality of tem perature by n u llity of cu rren t through its coil when placed in th e proper circuit, all as shown in th e diagram. The steadiness of tem perature in the stone was tested by keeping the tem perature of the therm om eter constant, and observing the galvanom eter reading for c u rren t w hen the junction in the oil-' tank and one or o th er of th e th ree junctions in the stone were placed in circuit. W e also helped ourselves to attain in g constancy of te m p e ra tu re in th e stone by observing th e c u rre n t th ro u g h too galvanom eter, due to differences of te m p eratu re betw een any tw o of th e th re e ju n ctio n s B, M, T placed in circ u it w ith it.
§ 10. W e m ade m an y experim ents to te s t w h at appliances m ig h t be necessary to secure ag a in st g ain or loss of h e a t by the stone across its v ertical faces, a n d found th a t Jcieselguhr, loosely pack ed ro u n d th e colum ns a n d co n tained by a m etal case su rro u n d in g th em a t a distance of 2 cm. o r 3 cm., p re v en ted a n y appreciable disturbance due to th is cause. T h is allow ed u s to feel su re th a t th e th erm al flux lines th ro u g h th e stone w ere very ap p ro x im a te ly parallel s tra ig h t lines on a ll sides of th e ce n tral line BM T.
§ 11. T he th e rm o m e te r w hich we used w as one of C assella's (N o. 64,168) w ith Kew certificate (N o. 48,471) for te m p e ra tu re from 0° to 100°, a n d fo r e q u a lity in volum e of th e divisions above 100°. W e stan d ard ise d i t b y com parison w ith th e co n stan t volum e a ir th erm o m eter* of D r. B ottom ley w ith th e follow ing re su lt. T h is is satisfac to ry as* show ing th a t w hen th e zero e rro r is corrected th e g re a te st e rro r of th e m erc u ry therm om eter, w hich is a t 211° C., is only 0 '3°. 267 *5 1 *8 § 12. E ach experim ent on th e slate and g ra n ite colum ns lasted about tw o hours from th e first application of h e a t a n d c o ld ; and we gen erally fo u n d th a t a fte r th e first h o u r we could keep th e tem p era tu re s of th e th re e ju n ctio n s very nearly constant. Choosing a tim e of b e st constancy in o u r experim ents on each of th e tw o substances, slate an d g ran ite, we found th e following resu lts :-S la te : flux lines p arallel to cleavage. 36-3 § 13. T hus we see, th a t to r slate, w ith lines of flux parallel to cleavage planes, th e m ean conductivity in th e ran g e from 123° C. to 202° C. is 91 p er cent, of th e m ean conductivity in th e ran g e from 50° C. to 123° C., and for g ranite, th e m ean con d u ctiv ity in th e ran g e from 145° C. to 214° C. is 88 per cent, of th e m ean conductivity in the range from 81° C. to 145° C. T he general p lan of ap p aratu s, described above, w hich we have used only for com paring th e con ductivities a t different tem peratures, will, we believe, be found readily applicable to the determ ination of conductivities in absolute m easure.
2g9o.]
The Kinematics o f Machines. In this paper the author regards a machine as an embodiment of a movement. The method of construction and the proportions of the parts are not taken into consideration, except so far as may be neces sary to explain the conditions requisite for the kinds of motions with which they are supposed to be endowed. All other considerations relating to form and proportion are omitted, as belonging to the sub ject of machine design. Neither does the author take account of the forces which actuate and oppose the movement of the machine, such matters belonging to the subject Dynamics of Machines.
The object of the paper is to analyse the movements only, and to
